McCraith's, and consequently her estimates of infaunal burrow volumes from Spartina were 122 used for this study as burrow diameter correlates to burrow volume (31).
Sample processing 124
In situ water temperatures and salinities were measured using a digital field thermometer (Fisher Scientific, Pennsylvania, USA) and refractometer (Leica Inc, Buffalo, New York, USA) 126 respectively. Water samples were diluted 1:10 and 1:100 with phosphate buffered saline (PBS) (400 mM NaCl, 1.75 mM NaPO 4 , pH 7.4), spread plated as 0.1 mL samples onto thiosulfate 128 citrate bile salts sucrose (TCBS) agar (BD, New Jersey, USA), and incubated at 35°C for 24 and 48 h following the FDA protocol for enumeration of Vibrionaceae (26) . Colony forming unit 130 (CFU) enumerations were conducted after 24 and 48 h as counts of green colonies (presumptive 8 morphology) and non-V. parahaemolyticus (yellow colony morphology) from each sample location (4 tidal stages, 3 burrow locations and 3 porewater locations) during each sampling 140 event. ß-galactosidase assays (Oxoid, Hampshire, England) were performed on 1 mL overnight cultures in 0.1% lactose amended Marine Broth (BD). Frozen stocks were prepared from 1 mL 142 overnight cultures in unmodified Marine Broth, as previously reported (2). A total of 207 frozen cultures were prepared and included isolates from the creek (n = 89), burrow (n = 57), and 144 porewater (n = 61) samples of all zones sampled, including both presumptive V.
parahaemolyticus and non-V. parahaemolyticus strains. 146
Cultures were prepared from frozen stocks and used for DNA extraction and Multi-Locus Sequence Typing (MLST). DNA was purified from 1 mL overnight Marine Broth cultures using 148 the Promega Wizard Genomic DNA Purification Kit (Wisconsin, USA). The Promega Wizard DNA Clean-up System was used to further purify the DNA. 150
The presumptive V. parahaemolyticus strain collection (n=53) was evaluated for strain variability using Repetitive Extragenic Palindromic Polymerase Chain Reaction (REP-PCR), and 152 strains with identical REP-PCR patterns were deemed identical and a representative was used for further molecular evaluation (Supplemental Material). Twenty-two presumptive V. 154 parahaemolyticus strains and seventeen arbitrarily selected non-V. parahaemolyticus strains were subjected to further analysis by Multi-Locus Sequence Typing (MLST), (39) using 156 concatenated 16S rRNA gene, recA, and rpoA sequences. MLST was used to differentiate species within the Vibrionaceae clade and to confirm the identity of presumptive V. 158 parahaemolyticus strains (39). Preliminary in silico studies (Gamble, unpublished data) showed that the pyrH sequence employed by Thompson (39) was not required for determination of 160 species diversity within the Vibrionaceae and this gene was omitted from the MLST analysis.
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The recA and rpoA PCR reaction mixes were identical with the exception of the primers 162 (Table 1) and followed protocols described previously (8, 39). Nearly complete 16S rRNA genes were amplified using primers 27F and 1492R (29) and previously described methods (13). 164
The PCR products were prepared for sequencing by digestion with a 1:3 mixture of Exonuclease I and Shrimp Alkaline Phosphatase. 1 µL of this mixture was incubated with 10 µL 166 of each PCR product for 15 min at 37°C followed by inactivation of the enzymes for 15 min at 80°C. Samples were stored at -70°C until sequencing reactions were performed. 168
Initial templates for recA, rpoA, and 16S rRNA gene sequencing were produced with the most external primers and sequencing reactions were performed using both external and internal 170 primers for each gene (Table 1) . Big Dye (Applied Biosystems, Foster City, CA, USA) sequencing reactions employed 1 µL of primer, 2 µL of EXOSAP digested products, 2.5 µL of 172 5X buffer, 1.5 µL Big Dye, and 3 µL ddH 2 O. The samples were run on an MJ Thermocycler using 33 cycles of 96°C for 10 sec, 50°C for 5 sec and 60°C for 4 min. Sequencing reactions 174
were ethanol precipitated and products collected by centrifugation. Supernatants were removed, precipitates rinsed with 70% ethanol, and the plates were dried for transport to the USC 176 Environmental Genomics Core Facility where sequences were determined using an ABI 3100 DNA analyzer. All 16S rRNA, recA and rpoA sequences were deposited with the National 178
Center for Biotechnology Information (NCBI) GenBank (Accession numbers: 16S rRNA gene: HQ449426-HQ449465, rpoA: HQ449466-HQ449505, recA: HQ449506-HQ449545). 180
Sequence analysis
Sequences were edited using BIOEDIT version 7.0.9.0 (19), aligned using Clustal X 1.81 182 (40) and phylogenetic trees were constructed using the Jukes-Cantor model, complete deletion of gaps and missing data, gamma 2.0 correction, and 1000 Bootstrap replicates (Mega 3.1, 28). A 184 on November 4, 2017 by guest http://aem.asm.org/ Downloaded from preliminary tree was constructed using sequences from all available Vibrionaceae type strains (39). Many of these sequences were not similar to those of the environmental isolates and these 186 reference sequences were deleted.
BIOLOG analysis of carbon source utilization 188
Presumptive V. parahaemolyticus isolates that were analyzed using MLST were also inoculated onto BIOLOG GN2 plates (BIOLOG Inc., Heyward, CA) to determine carbon source 190 utilization profiles, a measure of the physiological versatility of the strains. Methods for inoculation, incubation and analysis using artificial "amino acid" sequences were as previously 192 reported (3). Artificial "amino acids" were designated using a range of optical density values Tall Spartina zone porewater salinities ranged from 32.3-42 ppt during the sampling schedule.
The numbers of TCBS culturable Vibrionaceae collected from creek water were highest 230 during low tide conditions throughout the summer with a peak cell number of 3733 CFU mL -1 in the August low tide sampling (Fig. 2a) . This date corresponds to the highest seasonal creek 232 temperature ( Fig. 1) The average numbers of total Vibrionaceae from Uca spp. burrows across the estuary 238 landscape are shown in Fig. 2b . The highest recorded numbers were from burrows in the tall form Spartina zone during the April sampling (74,500 CFU mL -1 ). These numbers correspond to 240 the increased temperatures observed in the burrow and porewaters, which exceeded the ambient air temperatures during this sampling (Fig. 1) TCBS enumeration results indicated that burrow waters were enriched with Vibrionaceae 278 as well as presumptive V. parahaemolyticus. Vibrionaceae are significantly enriched in burrows waters relative to creek waters (at all tidal levels) and porewater (at all sites) (Ryan-Einot-280
Gabriel-Welsh (REGWF) Range Test: Table 2 ). The method was also used to test for the significance of location as indicated by the total culturable Vibrionaceae counts. The entire set 282 of data collected at different creek water levels and porewater locations for all sampling dates were significantly different from all burrow water samples collected (Table 2) . Burrow water 284 means were significantly higher than creek water and porewater means indicating that burrow water was significantly enriched in Vibrionaceae relative to the creek waters and porewater. 286 REGWF was also performed on the presumptive V. parahaemolyticus counts (Table 3) .
From this analysis, it is evident that numbers of presumptive V. parahaemolyticus in Juncus zone 288 burrow water samples were highest and were significantly different from all other locations (Table 3: (Table 3: subset 2). However all other creek samples and all porewater samples are significantly different from tall form Spartina and Juncus burrow water numbers (Table 3: subset 294 1). This analysis corresponds to the total Vibrionaceae analysis as it also confirms infaunal burrows as sites of Vibrio enrichment, and specifically V. parahaemolyticus enrichment. 296
Fifty-three of the 207 isolates from TCBS agar were identified as V. parahaemolyticus based on their characteristic green appearance on TCBS agar and absence of ß-galactosidase 298 activity. Twenty-two presumptive V. parahaemolyticus isolates were selected for further MLST molecular analysis based on identifiable differences in their REP-PCR profiles (Supplemental 300 Material). Presumptive V. parahaemolyticus were screened by MLST of concatenated16S rRNA, recA and rpoA. The MLST tree included Vibrionaceae reference sequences (Table 5) , 302 presumptive V. parahaemolyticus, and other non-V. parahaemolyticus isolates (Fig. 4) . There is a cohesive cluster of V. parahaemolyticus isolates associated with the type strain (ATCC 17802) 304 and supported by a high bootstrap value of 100. Fifteen of 22 presumptive V. parahaemolyticus isolates grouped within the V. parahaemolyticus clade. The remaining seven presumptive V. 306 parahaemolyticus were found in the closely related V. diabolicus clade or were loosely associated with other known Vibrionaceae species, such as V. rotiferanus, V. campbelli or 308
Photobacterium.
Additional non-V. parahaemolyticus isolates were also screened by MLST for species 310 identification (ten 0208 isolates, 05071JP4, 08071H2, 08071SB1, 06071SB4, 07071E2, Presumptive V. parahaemolyticus substrate utilization profiles were analyzed using UPGMA of the artificial "amino acid" sequences ( Infaunal burrow numbers and diameter estimates were similar to those reported earlier from a nearby location within the same estuary system (30, 31). Based on these comparable 342 enumeration and diameter measurements, the previously reported burrow volumes can be used as a proxy for burrow water volumes since burrow water was found to fill the entire burrow 344 (Gamble, personal observation) and burrow diameter is proportional to burrow volume (31).
Burrow volumes were multiplied by the number of burrows per square meter to estimate the total 346 volume of burrow water per square meter (Table 7) .
Dye transport experiments were conducted during June and July 2008. Dye 348 concentrations decreased after high tide events and decreased greatly after spring tide events ( on November 4, 2017 by guest 07071JP1  09071L1  09071JP1  09071TB3  09071L4  07071H3  08071L4  06071E4  08071E2  06071TB3  09071TB2  14048  17802  22702  17749  06071H4  07071TB1  09071JP4  09071F3  08071SB4  05071F2  08071JP1   50 
